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(54) BASE STATION APPARATUS AND RADIO COMMUNICATION METHOD 



(57) A base station (10) performs bi-directional ra- 
dio communications with terminal station apparatuses 
using communication frames each having time slots and 
being composed of a first region with a predetermined 
open-loop period and a second region with an open-loop 
penoa snorter Uian the open-loop period of the first re- 
gion. A level detecting section (21) detects a received 



level of an uplink slot configured in the second region. 
A transmission diversity section (14) performs diversity 
transmission on a downlink transmission signal as- 
signed to a downlink slot corresponding to the uplink 
slot, corresponding to a result of detection of the re- 
coivod level. It is thereby possible to enhance the efffict 
of improving the received quality due to transmission di- 
versity without degrading the transmission efficiency. 
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Description 

Technical Field 

[0001] The present invention relates to a base station 
apparatus thai performs bi-direclional radio communi- 
cations with terminal stalions using a TDD (Tim* Divi- 
sion Duplex) system in which time slots with the same 
radio frequency are used to communicate alternately 
over the uplink and downlink, and more particularly, to 
a base station apparatus that performs communications 
using an OFDM (Orthogonal Frequency Division Multi- 
plexing) system. 

Background Art 

[0002] As a duplex system in a mobile communication 
system using CDMA (Code Division Multiple Access ) . 
a TDD system is conventionally known. The TDD sys- 
tem uses the same frequency band for transmission and 
reception, called a ping-pong .system, and is a 6yetcm 
where time slots with the same radio frequency are used 
to communicate alternately over the uplink and down- 
link. 

[0003] FlG.1 illustrates an example of a configuration 25 
of a communication frame in the TDD system. The com- 
munication frame illustrated in FIG.1 is divided into a 
plurality of times slots. Jn this communicotion frame, 
downlink time slots (downlink slots 1 ton) are configured 
in the first half of the frame, while uplinktlme slots (uplink 30 
slots 1 to n) are configured in the latter half of the frame. 
FIG.1 Illustrates an example where the uplink slots 1 to 
n are assigned corresponding uplink bursts 1 to n, while 
the downlink slots 1 to n are assigned corresponding 
downlink burets 1 to n. gs 
[0004] When a base station performs radio communi- 
cations with terminal station apparatuses using thus 
configured communication frames, each terminal sta- 
tion apparatus is assigned an uplink slot and downlink 
slot contained in the communication frame. Based on a 40 
timing signal shown in FIG.1 , the base station apparatus 
ewitohoG between transmission processing and recap- 
tion processing. A terminal station apparatus performs 
transmission processing and reception processing at 
timings of an uplink slot and downlink slot assigned to 45 
the terminal station apparatus, respectively. 
[0005] Structures of an uplink burst and downlink 
burst will be described below with reference to FIGs.2 
and 3. FIG.2 is a diagram illustrating a structure ur a 
downlink burst, and FIG.3 is a diagram illustrating a so 
structure of an uplink burst. At a beginning of the down- 
link burst is disposed a propagation path estimation pre- 
amble that is a known signal and used in propagation 
path estimation. The propagation path estimation pre- 
amble is followed by data (downlink data #1 and #2) to 55 

a terminal station. 

[0006] Downlink bursts are transmitted at respective 
predetermined timings from a base station apparatus, 



and therefore, never collide with one another. Accord- 
ingly, the downlink burst is not provided with a quard 
time. 

[0007] Meanwhile, as shown In FIG.3, the uplink burst 
s is provided at its beginning with a guard time to prevent 
the collision with an adjacent burst, and the guard time 
is followed by a eyno/AGC preamble used in detection 
of synchronization and AGC (Automatic Gain Control) 
The sync/AGC preamble is followed by a propagation 
>° path estimation preamble that is a known signal and 
used in propagation path estimation. The propagation 
path estimation preamble is followed by data (uplink da- 
ta #3 and #4) to the base station. 

£0008] In the communication fiarne Illustrated In FIG. 
'5 1 , configuring downlink bursts collectively shifts a recep- 
tion timing of an uplink burst from a predetermined re- 
ception liming, and thereby prevents the collision with 
the downlink burst. In this way, since the need is elimi- 
nated of providing a downlink burst with a guard time, 
the rate of the guard time to the communication frame 
is decreased to improve the transmission efficiency. 
[0009] In the mobile communication field, since the 
quality of received signals significantly deteriorates due 
to fading, the diversity processing is used to reduce the 
deterioration in the quality of received signals due to fad- 
ing. The diversity processing is a technique of prevent- 
ing drops in power of received signals on a receiver side, 
but in order for a communication terminal apparatus 
such as a mobile station to implement the diversity, there 
are limitations in processing capability, miniaturization, 
etc. Therefore, transmission diversity has been studied 
in order for a transmitter side to implement the diversity 
which is originally to be implemented on a receiver side. 
[0010] The transmission diversity will be described 
winch is perrormeo between a base station and terminal 
station when the base station communicates with the 
terminal station using communication frames shown in 
FIG.1 . It is assumed that each of the base station and 
terminal station has an IFFT circuit, and performs OFDM 
communications over both the uplink and downlink. 
[0011] The base station receives uplink burets using 
a plurality or antenna elements, and detects received 
levels for each antenna element. The detection of re- 
ceived levels is performed for each subcarrier of a re- 
ceived signal. Based on a result of detection of received 
levels, the base station assigns a subcarrier composing 
a downlink burst to an antenna element with the highest 
received level with respect to the subcarrier . 
[0012] such transmission diversity has a premise that 
in the TDD system, propagation path characteristics are 
approximately the same over the downlink and the up- 
link. Based on this premise, in the transmission diversity, 
a downlink signal is transmitted from a branch with the 
highest uplink received power, whereby It Is aimed to 
maximize the downlink received power in a terminal sta- 
tion. 

[0013] However, In the frame configuration where 
downlinkslotsand uplinkslots are respectively collected 
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and arranged, since an uplink slot is spaced apart from 
a downlink slot (in other words , a large time interval ex- 
ists between reception of an uplink slot and transmission 
of a downlink slot), the channel condition at the time of 
receiving the uplink slot Is greatly different from the 
channel condition at the lime of receiving the downlink 
elot. Accordingly, the premise that propagation path 
characteristics are approximately the same over the 
downlink and the uplink crumbles, and there arises a 
problem that the capability of diversity of improving the 
received quality deteriorates. 

Disclosure of Invention 

[0014] It is an object of the present invention to pro- 
vide a base station apparatus and radio communication 
method enabling enhanced effects of improving re- 
ceived quality due to transmission diversity without de- 
grading the transmission efficiency. 

Brief Daecriptlon of Drawings 

[0015] 

FIG.1 is an example of a configuration of a commu- 
nication frame used In OFDM communications; 
FIG.2 is a diagram illustrating a structure of a down- 
link buret; 

FIG.3 Is a diagram illustrating a structure of an up- 
link burst; 

FIG.4 4 Is a block diagram Illustrating a configura- 
tion of a base station according to a first emboai- 
ment of the present invention; 
FIG.5 Is a diagram to explain an example of a slot 

configuration of a communication frame used in the 
first embodiment of the present invention; 
FIG.6 is a diagram Illustrating simulation results of 
the relationship between Eb/No(dB) and an error 
rate in a terminal station; 

FIG.7 is a diagram to explain an example of a slot 
configuration of a communication frame used in a 
second embodiment of the present invention; 

FIG.8 Is a diagram to explain an example of a slot 
configuration of a communication frame used in a 
third embodiment of the present invention; 
FIG.9 is a diagram to explain an example of a slot 
configuration of a communication frame used in a 
fourth embodiment of the present invention; 
FIG.1 0 ie a block diagram illustrating a configuration 
of a base station according to a fifth embodiment of 
the present invention; 

FIG.1 1 is a diagram to explain an example of a slot 
configuration of a communication frame used in a 
sixth embodiment of the present invention; 
FIG.1 2 is a block diagram illustrating aconfiguratibn 
of a base station according to a seventh embodi- 
ment of the present Invention; 
FIG. 13 Is a diagram illustrating transmission power 



of a downlink burst for each subcanier, 
FIG. 14 is a diagram Illustrating received power of 
the downlink burst in a terminal station; and 
FIG.1 6 is a block diagram illustrating a configuration 
5 of a base station according to an eighth embodi- 
ment of the present invention. 

Best Mode for Carrying Out the Invention 

io [0016] The Inventor of the present invention found out 
that with attention focused on a slot configuration of a 
communication frame (see FIG.1) in a TDD system in 
which downlink slots and uplink slots are configured col- 
lectively, configuring an uplink slot and downlink slot ed- 

15 jacentto one another (i.e., decreasing an open-loop pe- 
riod) improves effects of Improving communication qual- 
ity due to transmission diversity on bursts assigned to 
the slots configured adjacent to one another. Furthar, 
the inventor of the present invention found out that by 

20 setting a ratio of a second region to the entire frame 
properly, an uplink burst and downlink burst are config- 
ured adjacent to one another, and it is thereby possible 
to suppress the deterioration of transmission efficiency 
caused by a guard time needed to be added to a down- 

25 link burst to a range of not affecting tho transmieeion 
efficiency required in a system. 
[0017] In other words, it is a gist of the present inven- 
tion to provide a communication frame with a second 
region with a short open-loop period, and perform diver- 

30 sity combining on transmission signals assigned to slots 
of the second region to transmit. 

[001 B] Embodiments of the present invention will be 
specifically described below with reference to accompa- 
nying drawings. 

35 

(First embodiment) 

[0019] FIG.4 is a block diagram illustrating a configu- 
ration ol Dase station 10 accoidlng to the first embodi- 

40 ment of the present invention. In this embodiment it is 
assumed that base station 10 performs radio communi- 
cations with terminal stations #1 to #n not shown. It Is 
further assumed that base station 1 0 performs bi-direc- 
tional communications with terminal stations #1 to #n 

45 using the TDD system. A case is explained as an exam- 
ple where each ol base station 1 0 and lenninal stations 
#1 to #n Is provided with an OFDM modulator and 
OFDM demodulator (either is not shown), and OFDM 
communications are performed over the uplink and 

50 downlink. 

[0020] In FIG.4 receiving section 19 performs prede- 
termined reception processing such as downconverting 
and A/D conversion on a received signal received from 
corresponding antenna element 17. Receiving section 

55 20 performs predetermined reception processing such 
as downconverting and A/D conversion on a received 
signal received from corresponding antenna element 
18. In addition, the received signals received from an- 
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tenna elements 17 and 18 are OFDM signals transmit- 
ted from either of terminal stations m to #n. 
[0021] Based on output signals from receiving sec- 
tions 1 9 and 20, level detecting section 21 detects a re- 
ceived level of each subcarrier composing the received 
OFDM signal for each anlenna. In other words, level de- 
tecting section 21 detects received levels of subcarriers 
composing the OFDM signal received from antenna 1 7 
based on the output signal from receiving section 19 
while detecting received levels of subcarriers compos- 
ing the OFDM eignoJ received from antenna 18 based 
on the output signal from receiving section 20. 
[0022] Reception diversity section 22 refers to re- 
ceived levels detected in level detectinq section 21 and 
performs diversity combining on received signals output 
from receiving sections 19 and 20. Specifically, recep- 
tion diversity section 22 refers to a result detected in lev- 
el detecting section 21, and performs selective combin- 
ing of selecting a subcarrier with a higher level as a re- 
ceived signal. 

[0023] In addition, diversity combining in reception di- 
versity section 22 is not limited to the selective combin- 
ing. For example, reception diversity section 22 may 
shift phases of signals output from receiving sections 1 9 
and 20 to be in phase for each subcarrier, perform 
weighting on the in-phase received signals based on re- 
spective received levels, and perform maximal-ratio 
combining on the weighted signals. Further reception 
diversity section 22 may shift phases of signals output 
from receiving sections 19 and 20 to be in phase for 
each subcarrier, and perform equal-gain combining on 
trie in-pnase received signals. 
[0024] The received signals subjected to the diversity 
combining In reception diversity section 22 are output to 
reception buffer section 23 Reception buffer section 23 
performs processing such as FFT (Fast Fourier Trans- 
form) on the output signal of reception diversity section 
22 to obtain received data. Reception buffer section 23 
further performs error detection on the received data 
and outputs received data with no error detected therein 
as final received data to following circuitry. 
[002S] Base station 10 has sections for rocoption ae 
configured described above. A configuration of sections 
for transmission will be described below. 
[0026] Transmission buffer section 11 performs IFFT 
(inverse Fast hourier Transform) on transmission data 
to generate an OFDM signal, and holds the signal until 
the time of receiving control to output from band assign- 
ing section 13. 

[0027] Timing generating section 12 generates a rec- 
tangle timing signal with rising edges and falling edges 
and outputs the generated timing signal to band assign- 
ing section 13. The timing signal is generated based on 
a slot configuration of a communication frame predeter- 
mined under the system. 

[0028] Band assigning section 1 3 refers to the timing 
signal output from timing generating section 12 (partic- 
ular^ by detecting the rising edge and falling edge) and 



recognizes the slot configuration in the communication 
slot. Then, based on the result of detection of received 
levels in level detecting section 21 , band assigning sec- 
tion 13 assigns an uplink slot and downlink slot config- 
» ured at predetermined positions in the communication 
frame to each or terminal stations #1 to #n. Band as- 
signing section 13 controls transmission buffer section 
11 according to the slot assignment, and instructs the 
section 11 to output the OFDM signal held in the section 
10 11 to transmission diversity section 14 as a downlink 
burst. 

[0029] Based on the result of detection of received 
levels In level detecting section 21 , transmission diver- 
sity section 14 porforme tranemicoion diversity process- 
's ing on the downlink burst output from transmission buff- 
er section 11. In other words, transmission diversity sec- 
tion 14 selects an antenna element with a higher re- 
ceived level for each subcarrier, and outputs a signal 
assigned to the subcarrier to a transmitting section 
2° (transmitting section 15 or 16) corresponding to the se- 
lected antenna. For example, with respect to subcarrier 
S1 with predetermined frequency f 1 of OFDM signals 
output from antenna elements 17 and 18, when the re- 
ceived level of the received signal from antenna element 
*» 17 is higher that from antenna element 18, transmission 
diversity section 14 outputs subcarrier SI wlthM among 
OFDM signals output from transmission buffer section 
11 to transmitting Gection 15 corresponding to antenna 
element 1 7 to transmit from antenna element 1 7 
so [0030] Thus, in the OFDM signals, since propagation 
path characteristics are different for each subcarrier 
base station 1 0 according to this embodiment performs 
the transmission diversity for each subcarrier. 
[0031] Transmitting sections 1 5 and 16 perform pre- 
ss determined radio transmission processing such as up- 
converting and D/A conversion on output signals from 
transmission diversity section 14. The signals thus hav- 
ing undergone radio transmission processing are trans- 
mitted from antenna element 17 or 18. 
«» [0032] While base station 10 according to this embod- 
iment is provided with two antenna elements, i.e., an- 
tenna elements 17 and 18, to perform diversity process- 
ing, the present invention allows base station 10 to have 
a plurality of antenna elements to perform diversity. 
« [0033] FIG.5 is a diagram to explain an example of a 
slot configuration of a communication frame used in the 
first embodiment of the present invention. As illustrated 
in FIG.5, in this embodiment, a general communication 
frame in which downlink slots and uplink slots are col- 
« lectlvely configured is provided with an interval at which 
uplink slots and downlink slots are configured so that 
uplink and downlink slots are adjacent to each other. 
Hereinafter, in the specification, the Interval in a com- 
munication frame at which uplink and downlink slots are 
55 configured adjacent to each other is referred to as a 
"second region". Further, In the communication frame, 
the other region except the second region is referred to 
as a "first region". In an example shown in FIG.5 the 
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second region is composed of uplink slots #1 to #k and 
downlink slots #1 to #k, while the first region is com- 
posed of uplink slots #k+1 to #n and downlink slots #k+1 
to#n. 

[0034] FIG.5 shows, as an example of configuring up- 
link and downlink slots adjacent to each other, a case 
where an uplink slot Is configured immediately after a 
downlink slot. In other words, in the second region of the 
communication slot shown in FIG.5, an uplink slot for a 
terminal station and a downlink slot for the terminal sta- 
tion are configured as a pair or unit. 
[0035] The operation of base station 10 with the 
above configuration will be described below. 
[0038] The operation of sections for reception in base 
station 10 will be described first. 
[0037] OFDM signals transmitted from terminal sta- 
tions #1 to #n are received in antenna elements 17 and 
18. The OhUM signals received In antenna elements 17 
and 1 8 are subjected to predetermined radio reception 
processing respectively in receiving sections 1 9 and 20, 
and output to level detecting section 21 and reception 
diversity section 22. 

[0038] Level detecting section 21 detects received 
levels for each subcarrier composing a received OFDM 
signal. Results ot the detection of received levels for 
each subcarrier are output to reception diversity section 
22, transmission diversity section 14 and band assign- 
ing section 13. Reception diversity section 22 refers to 
input received levels, and performs diversity combining 
for each subcarrier. Reception buffer section 23 per- 
forms FFT on the resultant of diversity combining to ob- 
tain received data. 

[0039] Next, the operation of sections for transmis- 
sion in base station 10 will be described next. 
[0040] Timing generating section 1 2 generates a rec- 
tangle timing signal composed of rising edges and fall- 
ing edges, according to the slot configuration as shown 
in FIG.5. The timing signal is generated, for example, 
as shown in FIG.5, so that each rising edge indicates a 
switching timing from an uplink slot to a downlink slot, 
while each falling edge indicates a switching timing from 

a downlink slot tn an uplink slot. 
[0041] Band assigning section 13 assigns downlink 
bursts (downlink burst 1 to n) respectively for terminal 
stations #1 to #n to slots in the communication frame, 
corresponding to the result ot the detection or received 
levels in level detecting section 21 . The configuration of 
slots is set in advance under the system, and for exam- 
ple, ths slots are configured bs shown in FIG.5. 
[0042] The slot assignment for downlink burst is per- 
formed in consideration of effects on communication 
quality caused by difference in configuration method be- 
tween slots configured in the second region and slots 
configured in the other region except the second region, 
and particularly, in consideration of effects on commu- 
nication quality of the downlink channel in controlling the 
downlink channel based on channel conditions (for ex- 
ample, received levels) on the uplink channel, (i.e., per- 



forming open-loop control). In the open-loop control, 
predetermined processing is performed on a downlink 
transmission signal based on an estimation result of the 
uplink channel condition. For example, in transmission 
5 diversity processing that Is an example of open-loop 
control, as described above, downlink bursts are sub- 
jected to diversity combining based on received levels 
of uplink slots. 

[0043] In other words, In the second region, since a 

10 downlink slot is configured immediately after an uplink 
olot, a time (In the specif ir.at Inn, also referred to as an 
"open-loop period") elapsed between reception of an 
uplink slot and transmission of a downlink slot corre- 
sponding to the received uplink slot (in other words , a 

15 downlink slot on the same channel as of the received 
uplink slot) ) is shorter than an open-loop period in the 
first region. Accordingly, in performing open-loop con- 
trol, Qooigning a elot in the second region allows higher 
accuracy in performing predetermined processing (for 

so example, diversity combining) on a downlink transmis- 
sion signal than assigning a slot in the first region. 
[0044] Thus, by performing open-loop control using a 
slot configured in the second region, It is possible to use 
channel estimation results with higher accuracy than 

£S performing communications using a 6lot assigned to the 
first region. It is thus possible to control signals to trans- 
mit over the downlink appropriately. For example, when 
the transmission diversity is performed, the diversity ef- 
fect can be Improved. 

so [0045] Accordingly, band assigning section 13 refers 
to received levels detected in level detecting section 21 , 
and assigns the second region preferentially to a termi- 
nal station of low received level (I.e., poor channel con- 
dition), whereby it is possible to Improve the communl- 

35 cation quality of the terminal station in poorchannel con- 
dition. 

[0046] Meanwhile, in order to assign slots to the sec- 
ond region, since uplink and downlink slots are adjacent 
to each other, the need arises of providing a downlink 

40 slot with a guard time. Accordingly, an Increased ratio 
of the second region to the communication frame may 
cause the transmission efficiency to deteriorate. There- 
fore, the number of slots (the number of channels) con- 
figured in the second region is determined correspond- 

*s ing to the transmission efficiency. For example, when it 
Is assumed that a frame length is 2 ms, a guard time is 
4 us, and slots corresponding to five channels (in other 
words, five slots for each of uplink and downlink chan- 
nels, i.e., total 10 slots) are configured in the second 

so region, an increase in guard time is 5x p. 4s=20 u s, 
which is one-thousandth of the frame length, 2 ms. 
Thus, it is possible to suppress the deterioration in trans- 
mission efficiency In the entire frame caused by provid- 
ing the second region to an extremely small extent. 

55 [0047] Band assigning section 13 controls transmis- 
sion buffer section 11 according to the slot assignment 
for each terminal as described above. For example, 
when a communication frame Is configured as shown in 
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FIQ.5, me section 13 detects a first rising edge of the 
timing signal, and performs control for outputting down- 
link burst #1 at a timing of detecting the rising edge. In 
this way, a second slot from tho beginning (left end 
viewed In the figure) of a frame is assigned the downlink 
burst. Subsequently, downlink bursts #2 to #n are output 
rrom transmission buffer section 11 at predetermined 
timings in the same way as in the control of downlink 
burst #1 . 

[0048] The downlink bursts output from transmission 
buffer section 11 are cubjootcd to transmission diveiaily 
processing in transmission diversity section 14, then to 
predetermined radio transmission processing in trans- 
mitting section 15 or 16, and transmitted from corre- 
sponding antenna element 17 or 18. 
[0049] FIG.6 illustrates simulation results of the rela- 
tionship between Eb/No(dB) measured in base station 
10 as doecribed above and an error rate in a terminal 
station. Simulation conditions are as described below. 

PDU size: 54 BYTES; 
FFT sample rate: 20MHz; 
Guard interval length: 800ns 
Frame length: 2ms; 
Modulation scheme: 16AM; 
Error correction: Convolutional coding/Viterbi de- 
coding (where the constraint length is 7 and coding 
rate is 9/1 6); 

Delay deviation: 150ns; and 
Maximum Doppler frequency: 50Hz. 

[0050] m fig. o, uiack squares indicate simulation re- 
sults of the case of using the present invention (in other 
words, a communication frame is provided with the sec- 
ond region), black circles indicate simulation r«snlts of 
the case of using a conventional base station (the case 
of performing transmission diversity), and black trian- 
gles indicate simulation results of the case of using a 
conventional base station (the case of not performing 
transmission diversity). 

[0051 ] Thus, the simulation results of the present in- 
vention show great improvements in Eh/Nn needed to 
obtain a predetermined error rate, as compared to the 
simulation results of the case of performing convention- 
al transmission diversity. For example, when the error 
rale in a terminal station is iir 2 , tti/No is improved by 
about 1.5dB. 

[0052] As described above, according to this embod- 
iment, a communication frame is provided with a second 
region having a short open-loop period and transmis- 
sion signals assigned to slots In the second region are 
subjected to diversity combining, whereby it is possible 
to Improve the diversity effect with the transmission ef- 
ficiency hardly degraded. 

(Second embodiment) 

[0053] This embodiment is a modification of the first 



embodiment, and provides a different communication 
frame configuration from that in the first embodiment. 
FIG.7 is a diagram to explain an example of a slot con- 
riguraiion or a communication frame used in the second 
s embodiment of the present invention. As shown in FIG. 
7, in the communication frame used in this embodiment, 
downlink slots except slots assigned to the second re- 
gion are configured collectively at a beginning portion of 
the frame, while uplink slots except slots assigned to the 
10 second region are configured collectively at an end por- 
tion of the frame. The second region is sandwiched be- 
tween thus collectively configured downlink slots and 
uplink slots. 

[0054] Thus, in this embodimont, downlink slots ex- 
1* qept slots assigned to the second region are configured 
collectively at a beginning portion of a frame, while up- 
link slots except slots assigned to the second region are 
configured collectively at an end portion of the frame. In 
this way, an interval between the uplink slot and a down- 

2 " "link slot In the next frame is shorter than in the frame 
configuration shown 'in FIG.5. Accordingly, when the 
channel condition is estimated using an uplink slot of a 
last frame and based on the estimation result, transmis- 
sion diversity is performed, it is possible to further en- 

» hance the effect of improving the received quality due 
to diversity, as compared to the case illustrated in the 
first embodiment. 



(Third embodiment) 



[0055] This embodiment is a modification of the first 
embodiment, and provides a different slot configuration 
In the second region from that In the first embodiment. 
FIG.BIsadlagramto explain an example of the slot con- 
as figuration of a communication frame used in the third 
embodiment of the present invention. As shown in FIG. 
8, in the second region of the communication frame 
used in this embodiment, among slots configured in the 
second region, uplink slots are collectively configured at 
40 the first half of the second region, while downlink slots 
are collectively configured at the latterhalf of the second 
region. 

[0056] The number of slots configured in the second 
region is predetermined in advance under the system 
-*5 so that a time Interval between an uplink slot in the sec- 
ond region and a downlink slot corresponding to the up- 
link slot is shorter than a time Interval between an uplink 
slot out of the second region and a downlink slot corre- 
sponding to tho uplink alot. It is preferable to set the 
so number of slots configured in the second region so as 
to sufficiently obtain the effect of Improving the commu- 
nication quality in a terminal station due to the transmis- 
sion diversity. For example, when a burst length is 24 
us, assuming five uplink slots and five downlink slots are 
55 configured in the second region results in the time inter- 
val Of 120 us between an uplink slot in the second region 
and a downlink slot corresponding to the uplink slot. 120 
ps Is 1/20 of the frame length (2ms), and is adequately 
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short to obtain the effect of improving the received qual- 
ity due to the transmission diversity. 
[0057] Thus, in this embodiment, since uplink slots 
and downlink SIOIS are configured separately and col 
lectively In the second region, It is possible to decrease 
the number of switching processing limes between the 
transmission and reception processing in a predeter- 
mined time as compared to the first embodiment. Fur- 
ther, it Is possible to perform the switching processing 
at a lower rate than in the first embodiment, it Is thereby 
possible to reduce the powoi consumption required for 
the switching processing between the transmission and 
reception processing and to miniaturize an apparatus. 
[0058] In the first and second embodiments, all the 
downlink bursts contained in the second region need to 
be provided with a guard time. In this embodiment, pro- 
viding only a downlink burst at the beginning of the sec- 
ond region with a guard time Is utipable of preventing 
the collision of bursts. Therefore, by using the commu- 
nication frame in this embodiment, it is possible to fur- 
therprevsnt decreases in the transmission efficiency as 
comparedto cases Illustrated in the first and second em- 
bodiments. 

(Fourth embodiment) 

[0059] This embodiment Is a modification of the third 
embodiment, provides a guard interval between an in- 
terval at which uplink slots are collectively configured in 
the second region and an interval at which downlink 
slots are collectively configured in the second region, 
and In this respect, is dinerem from ine third embodi- 
ment. FIG.9 Is a diagram to explain an example of a slot 
configuration of a communication frame used In the 
fourth embodiment of the present invention. As illustrat- 
ed in FIG.9.. In the second region of the communication 
frame used in this embodiment: as in the third embodi- 
ment, among slots configured in the second region, up- 
link slots are collectively configured at tne Ttrsi naif of 
the second region, while downlink slots are collectively 
configured at the latterhalf of the second region. A guard 
interval to which any burst for transmitting information 
Is not assigned is provided between the first half of the 
second region in which uplink slots are collectively con- 
figured and the latter half of the second region in which 
downlink slots are collectively configured. 
[0060] Thus, in this embodiment, by providing a guard 
interval between the first half of the second region in 
which uplink slots are collectively configured and the lat- 
ter half of the second region in which downlink slots are 
collectively configured, it is possible to perform the 
switching processing between the transmission and re- 
ception processing at a lower rate than in the third em- 
bodiment. It is thereby possible to further reduce the 
power consumption required for the switching process- 
ing between the transmission and reception processing 
and to miniaturize an apparatus. 



(Fifth embodiment) 

[0061] This embodiment is a modification of the first 
embodiment, and it is a feature of this embodiment to 

s preferentially assign a signal with a high priority such as 
a control signal and repeal signal to Ihe second region. 
FIG.10 is a block diagram illustrating a configuration of 
base station 70 according to the f ifth embodiment of the 
present invention. In addition, in FIG. 1 0, the same struc- 

10 tural elements as in FIG.4 are assigned the same refer- 
ence numerals to omit detailed descriptions thereof. 
Further, a communication frame used in this embodi- 
ment is the same as that illustrated in FIG.5. 
[0062] The signal with a high priority is such a signal 

is that requires a high error rate, and for example, includes 
a control signal and repeat signal. The slgnal(s) with a 
high priority is defined underthe system In advance, and 
band assigning eection 1 3 obtains information on the 
signal with a high priority as channel information. 

20 [0063] In FIG.10, selecting section 71 refers to the 
channel information held in band assigning section 13, 
selects the signal with a high priority from transmission 
signals, and outputs the selected signal to transmission 
buffer section 72. Selecting section 71 further outputs 
signal* except the signal with a high priority to transmis- 
sion buffer section 73. 

[0064] Selecting section 74 refers to the channel in- 
formation, reads the signal with a high priority from 
transmission buffer section 72, and assigns the signal 
30 to a slot configured in the second slot of the communi- 
cation frame illustrated in FIG.5. 

[0005] Dand assigning section 13 aoeigns elgnals ex- 
cept the signal with a high priority to slots configured at 
the region except the second region. Band assigning 
35 section 13 controls transmission buffer seclion 73 ac^ 
cording to the slot assignment, so that the transmission 
buffer section 73 outputs signals stored therein to trans- 
mission diversity section 14 through selecting section 
74. 

40 [0066] In this way, according to this embodiment, a 
signal with a high priority (i.e., signal requiring a high 
error rate) is preferentially assigned to a slot configured 
in the second region. Since the signal assigned to a slot 
configured in the second region takes an advantage of 

45 higher effect of improving the communication quality 
due to the diversity, and it is possible to improve the error 
rate of the signal with a high priority. 

(Sixth embodiment) 

so 

[0067] This embodiment is a modification of the fourth 
embodiment, and provides a different communication 

frame configuration from that In the forth embodiment. 
FIG. 11 is a diagram to explain an example of aslotcon- 
ss figuration of a communication frame used in the sixth 
embodiment of the present invention. 
[0068] As illustrated In FIG.11 , in the communication 
frame used in this embodiment, a slot next to the second 
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region (i.e., a first one of the downlink slots collectively 
configured at the region except the second region) is 
defined as downlink slot X, while a last slot of the com- 
munication frame (i.e., a last one of the uplink slots col- 
lectively configured at the region except the second re- s 
gion) is defined as uplink slot X. The uplink slot X con- 
figured in such a position is assigned burst X, and the 
downlink slot X configured in such a position is assigned 
burst X. In addition, the uplink slot X corresponds to a 
target uplink slot as described in the claims, while the w 
downlink slot X corrocpondo to a target downlink slot as 

described in the claims. 

[0069] Bursts assigned to the downlink and uplink 
slots X are selected based on channel quality informa- 
tion such as RSSI and CRC detection result in band as- is 
signing section 13. For example, based on the channel 
quality information, band assigning section 13 selects a 
buret in tho poorest channel condition from among 
bursts that cannot be assigned to the second region. 
[0070] According to the slot configuration as de- 20 
scribed above, an interval between the uplink slot X and 
the downlink slot X of the next frame is shorter than an 
interval between an uplink slot assigned to the region 
except the second region and a downlink slot in the next 
frame corresponding to the uplink slot (for example, an 2$ 
interval between uplink slot k+1 and downlink slot k+1 
in the next frame). Accordingly, the channel condition is 
estimated using uplink slot X of a last frame and based 
on the estimation result, the transmission diversity is 
performed, whereby using a slot (herein, slot X) config- 30 
ured in the first region also enhances the effect of im- 
proving the communication quality due to the diversity. 

(Seventh embodiment) 

35 

[0071 J This embodiment Is a modification of the first 
embodiment, and it is a feature of this embodiment that 
base station 90 performs transmission gain control in 
addition to Ihe transmission diversity. FIG. 12 is a block 
diagram illustrating a configuration of base station 90 40 
according to the seventh embodiment of the present In- 
vention. In addition, in FIG.12, the same structural ele- 
ments as in FIG.4 are assigned the same reference nu- 
merals to omit detailed descriptions thereof. Further, a 
communication frame used in this embodiment is the 45 
same as Ihal Illustrated In FIG.5. 
[0072] In FIG. 12, gain control section 91 calculates 
transmission power based on the result in detection of 
received levels of uplink slots in level detentinn section 
21 , and amplifies a downlink burst output from transmis- so 
sion buffer section 11 to the calculated transmission 
power. Specifically, gain control section 91 compares a 
received level (hereinafter referred to as a "detection 
level") detected in level detecting section 21 with a re- 
ceived level (hereinafter referred to as a "target level") 55 
Indicative of a predetermined target level. When the de- 
tection level is higher than the target level, the section 
91 decreases the transmission power. On the other 



hand, when the detection level is lower than the target 
level, the section 91 increases the transmission power. 
[0073] Gain control section 91 performs transmission 
power control ror each subcarrier. In other words, the 
target level is determined for each subcarrier, and by 
comparing the target level with the detection level de- 
lected for each subcarrier, tho transmission power con- 
trol is performed for each subcarrier. 
[0074] The transmission power control for each sub- 
carrier will be described with reference to FIGs.13 and 
14. FIG. 13 is a diagram illustrating transmission power 
of a downlink burst for each subcarrier, and FIG. 14 is a 
diagram illustrating received power of the downlink burst 
illustrated in FIG 13 in a torminal station. 
[0075] The downlink burst illustrated In FIG. 13 has 
been amplified In gain control section 91 illustrated in 
FIG.12. As illustrated in FIG. 13, subcarriers In good 
channel conditions (for example, third and eighth sub- 
carriers from the left viewed in the figure) are transmitted 
with low transmission power, while subcarriers in poor 
channel conditions (for example, firm and fifth subcarri- 
ers from the left viewed in the figure) are transmitted 
with high transmission power. 

[0076] The downlink burst transmitted in this way is 
received in a terminal station as illustrated in FIG. 14. As 
illustrated in FIG. 14, each subcarrier is attenuated on 
the transmission path, and is received with approxi- 
mately the same power ae one another. 
[0077] By thus performing the transmission power 
control for each subcarrier, it is possible to hold the re- 
ceived power of subcarriers at approximately the same 
level. A subcarrier with a falling received level is consid- 
ered as a dominant factor that degrades the error rate 
of an OFDM signal. Therefore, holding the received 

power of subcan-iors at approximately Lhe same level 
prevents the received level from falling down. It is there- 
by possible to improve the error rate performance. 

(Eighth embodiment) 



[0078] This embodiment is a modification of the first 

embodimont, and it is a foaturc of thia embodiment that 

base station 120 performs communications according 
to an OFDM-CDMA (Code Division Multiple Access) 
system. FIG.15 is a block diagram illustrating a config- 
uration of base station 120 according to the eighth em- 
bodiment of the present invention. In addition, in FIG. 
15, the same structural elements as in FIG.4 are as- 
signed the eamo roferoncc numerals to omit detailed de- 
script!;. >s thereof. Further, a communication frame used 
in this - bodiment is the same as that illustrated in FIG. 
5. The • . -DM-CDMA system is to perform CDMA com- 
munications in multicarrier, and has a feature of multi- 
plexing chips assigned subcarriers, and thereby per- 
forming the frequency division multiplexing. 
[0079] In FIG. 15. spreadinn section 121 performs 
spreading on a transmission signal output from trans- 
mission buffer section 11, and thereby assigns each of 
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subcarriers composing the transmission signal to 
spreading chips. The transmission signal with each sub- 
carrier assigned the chips is subjected to diversity com- 
bining in transmission diversity section 14, and the re- 
sultant radio signal is transmitted from corresponding 
antenna element 17 or 18 through transmitting section 
15 or 16. respectively. 

[0080] In this way, according to this embodiment, 
since the diversity effect is improved on slots configured 
In the second region, it is thereby possible to decrease 
deterioration In the orthogonality between spreading 
codes. As a result, since the number of spreading chips 
. usable In the frequency division multiplexing increases, 
it is possible to Improve the transmission efficiency. 
[0081] As described above, according to this embod- 
iment, a communication frame is provided with a second 
region having a short open-loop period, and transmis- 
sion signals assigned, to slots In the second region arc 
subjected to the diversity combining, whereby ft is pos- 
sible to Improve the diversity effect while hardly degrad- 
ing the transmission efficiency. 
[0082] This application is based on the Japanese Pat- 
ent Application No.2001-121542filedon April 19, 2001 , 
entire content of which is expressly incorporated by ref- 
erence herein. 

Industrial Applicability 

[0083] The present invention is suitable for use in a 
base station apparatus that performs bi-directional radio 
communications with terminal stations using a TDD 
( Time Division Duplex) system in which time slots with 
the same radio frequency are used to communicate al- 
ternately over the uplink and downlink, and more partic- 
ularly, for use in a base station apparatus that performs 
communications using an OFDM (Orthogonal Frequen- 
cy Division Multiplexing) system. 



Claims 

1 . A base statio n apparatus that performs bi-direction- 
al radio communications with terminal station appa- 
ratuses using communication frames each having 
time slots and being composed of a first region with 
a predetermined open-loop period and a second re- 
gion with an open-loop period shorter than the 
open-loop period of the first region. 

2. The base station apparatus according to claim 1 , 
comprising: 

a section that detects a received level of an up- 
link slot configured in the second region; and 
a diversity section that performs diversity trans- 
mission on a downlink transmission signal as- 
signed to a downlink slot corresponding to the 
uplink slot, corresponding to a result of detec- 



tion ot the received level. 

3. The base station apparatus according to claim 2, 
wherein the second region is disposed between 

5 downlink slots and uplink slots contained in the first 
region. 

4. The base station apparatus according to claim 1, 
wherein uplink slots are configured in a region from 

10 the beginning to the center in the second region, 
while downlink slots are configured in a region from 
the center to the end in the second region. 

5. The bass station apparatus according to claim 4, 
15 wherein in the second region, a guard Interval is 

provided between the region in which the uplink 
slots are configured and the region in which the 
downlink elots are configured. 

20 6. The base station apparatus according to claim 1 , 
further comprising: 

a section that assigns a transmission signal 
with a high priority to a downlink slot contained 
is in the second region, 

wherein the diversity section performs diversity 
transmission on the transmission signal with a high 
priority, corresponding to a result ot detection of a 
30 received level of an uplink slot corresponding to the 
downlink slot assigned the transmission signal with 
a high priority. 

7. The base station apparatus according to claim 1 , 
35 wherein a target downlink slot contained in the first 

region is configured at the beginning of the first re- 
gion, while a target uplink slot corresponding to the 
target downlink slot is configured at the end of a 

40 

8. The base station apparatus according to claim 1 , 
further comprising: 

a section that controls transmission power of a 
« downlink transmission signal assigned to a 

downlink slot oorrseponding to an uplink slot, 
corresponding to a result of detection of a re- 
ceived Jevel of the uplink slot. 

so 9. The base station apparatus according to claim 1 , 
further comprising: 

a spreading section that performs spreading on 
a downlinktransmisslon signal, and thereby as- 
55 signs each of subcarriers composing the down- 

link transmission signal to spreading chips. 

10. The base station apparatus according to claim .1, 
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wherein a downlink transmission signal is an OFDM 
signal obtained by performing IFFT on a transmis- 
sion signal. 

. A radio communication method for performing bi- 5 
directional radio communicalions with terminal sta- 
tion apparatuses using communication frames each 
having time slots and being composed of a first re- 
gion with a predetermined open-loop period and a 
second region with an open-loop period shorter 10 
than the open-loop poriod of tho firot region, tho 
method comprising: 

a step of detecting a received level of an uplink 
slot configured in the second region; and 15 
a diversity step of performing diversity trans- 
mission on a downlink transmission signal as- 
signed to a downlink elot corresponding to the 
uplink slot, corresponding to a result of detec- 
tion of the received level. so 
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